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ACIDIC VISCOELASTIC SURFACTANT
BASED CLEANING COMPOSITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation Application of U.S. Ser.
No. 13/687,278 filed Nov. 28, 2012, herein incorporated by
reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to cleaning compositions
employing viscoelastic surfactants, and optionally pseudo-
crosslinking agents as thickeners. The invention further also
relates to methods of making these compositions, and to
methods employing these compositions in acidic, caustic, or
neutral cleaning environments.

BACKGROUND OF THE INVENTION

Many cleaning compositions include a thickening agent to
impart a level of viscosity to the composition, and to provide
increased contact time on surfaces to be cleaned. Such com-
positions are presently used in many applications, such as
retail, industrial and institutional including grease cutters,
clinging lime scale removers, shower wall cleaners, bathtub
cleaners, hand sanitizing gels, disinfectant gels, hand-soaps,
teat dips, coatings, stabilized enzymes, structured liquids, and
the like. Traditionally, these compositions use a polymer
thickening agent to impart the desired viscosity. Polymeric
thickeners, e.g. starches, thicken by entanglement of the poly-
meric chains,

Examples of commonly used polymeric thickening agents
include, guar gums and derivatives thereof, cellulose deriva-
tives, biopolymers, and the like. Water soluble polymers,
particularly polysaccharide polymers, such as, for example,
guar, guar derivatives, starches, and cellulosic polymers, are
commercially available materials used in a variety of appli-
cations, including as ingredients in food products, personal
care compositions, agricultural pesticide compositions, and
compositions, such as fracturing fluids, for use in oilfield
applications.

The use of polymeric thickening agents, has certain draw-
backs. Such thickeners can degrade under the influence of
mechanical shear or chemical scission (e.g. by oxidation or
hydrolysis) of the polymeric chains which results in a loss of
viscosity and, thus, suspension stability. The polymeric thick-
ening agent may leave an undesirable gel residue on a surface
to be cleaned. It is also believed that the cleaning action of at
least some of the active cleaning components within the com-
position is reduced with a consequent and marked reduction
in the cleaning action required for effective cleaning and oily
soil removal. While not wishing to be held to any, it is believed
that the polymer thickener may act as a barrier, and slows
down the diffusion of at least some of the active cleaning
ingredients, thereby reducing contact with the soil. Addition-
ally, it is believed that the polymer thickener may act to dilute
the active cleaning agents within the cleaning composition,
thereby reducing the cleaning effectiveness.

The term “viscoelastic” refers to viscous fluids having
elastic properties, i.e., the liquid at least partially returns to its
original form when an applied stress is released. Thickened
aqueous viscoelastic fluids have been used in hydraulic fluids
in lubricant and hydraulic fracturing fluids to increase perme-
ability in oil production.
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2

The property of viscoelasticity in general is well known
and reference is made to S. Graysholt, Journal of Coll. And
Interface Sci., 57(3), 575 (1976); Hoftmann et al., “Influence
of lonic Surfactants on the Viscoelastic Properties of Zwitte-
rionic Surfactant Solutions”, Langmuir, 8, 2140-2146 (1992);
and Hoffmann et al., The Rheological Behaviour of Different
Viscoelastic Surfactant Solutions, Tenside Surf. Det., 31,
389-400, 1994. Viscoelasticity is caused by a different type of
micelle formation than the usual spherical micelles formed by
most surfactants. Viscoelastic surfactant fluids form worm-
like, rod-like or cylindrical micelles in solution. The forma-
tion of long, cylindrical micelles creates useful rheological
properties. The viscoelastic surfactant solution exhibits shear
thinning behavior, and remains stable despite repeated high
shear applications. By comparison, the typical polymeric
thickener will irreversibly degrade when subjected to high
shear.

One can see that is would be highly desirable to have
viscoelastic cleaning composition. Thus there is a need in the
art for cleaning compositions with cleaning capabilities
where the composition has the desired viscosity for sufficient
contact time, but without the other deficiencies of presently
available polymer based compositions.

Accordingly it is an object herein to provide a cleaning
composition that includes a viscoelastic surfactant.

It is yet another object of the invention to provide a clean-
ing composition with a thickening agent that can also impart
a cleaning function to the composition.

It is yet another object of the invention to provide a clean-
ing composition using a viscoelastic surfactant that can be
formulated as either an acidic, neutral or caustic cleaner.

It is yet another object of the invention to provide a clean-
ing composition using a viscoelastic surfactant that has better
cling and reduced misting than typical cleaners which employ
polymer based thickeners.

It is yet another object of the invention to provide a clean-
ing composition that is safe, environmentally friendly and
economically feasible.

Other objects, aspects and advantages of this invention will
be apparent to one skilled in the art in view of the following
disclosure, the drawings, and the appended claims.

SUMMARY OF THE INVENTION

According to the invention, viscoelastic cleaning compo-
sitions are disclosed which do not rely upon polymer thick-
ening agents for their viscoelasticity. The invention employs
the use of viscoelastic surfactants in several cleaning compo-
sition formulations. These provide the dual benefit of thick-
ening as well as an additional cleaning component, improving
performance.

In one embodiment, the cleaning compositions comprise
an acid constituent, a viscoelastic surfactant such as erucic
dimethyl amido propyl betaine C,;Hs,N,O;, and a polar
carrier.

The inventive compositions are acidic in nature and exhibit
a pH of'less than 7, preferably not more than 3. Most prefer-
ably the pH of the acidic compositions is between 0.001-2.5.
In one embodiment, applicants have found that that an acidic
cleaning composition comprising from about 3% by weight
to about 15% by weight of viscoelastic surfactant; from about
0.1 to about 20% by weight of an acidic constituent, with the
remainder being water or similar polar carrier, can impart
viscoelasticity to the composition as well as superior clean-
ing. According to the invention, this surfactant can be used to
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replace traditional polymer based surfactants on a 1:1 at the
actives level and can impart superior cleaning to the formu-
lation.

In yet another embodiment cleaning compositions are dis-
closed in combination with an appropriate pseudo linking
agent. Thus the invention also includes an acidic cleaning
composition comprising a source of acidic constituent, a vis-
coelastic surfactant and a pseudo linker. Applicants have fur-
ther found that, in addition to erucicdimethylamidopropylbe-
taine C,oHs,N,O;, other viscoelastic surfactants such as
amphoteric surfactants, zwitterionic surfactants, such as
dicarboxylic coconut derived sodium salt (Miranol C2M-SF),
cocamidopropyl dimethylamine (Mackine GO-163), cocoa-
midopropyl betaine, and alkylether hydroxypropyl sultaine
(Mirataine ASC), and amine oxide and mixtures thereof can
be used in with the use of an effective pseudo linking agent.
Additional viscoelastic surfactants are also contemplated as
these viscoelastic surfactants all have a charge separation on
the surfactant molecule, thus it is believed that other vis-
coelastic surfactants by be used according to the invention,
including for example sultaine-type surfactants.

According to the invention, a pseudo linker agent may be
used with the viscoelastic surfactant to impart further vis-
coelasticity to the solution. Examples of suitable pseudo link-
ers include multiply charged cations, such as Mg>*, anionic
surfactants such as sodium lauryl ether sulfate (SLES), Linear
Alkyl Sodium Sulfonates (LAS) and neutralized Etidronic
acid (dequest 2010) Diethylene triamine pentaacetic acid
(DTPA) and also and polyethyleneimine ethoxylate.

According to the invention, the ratio of active viscoelastic
surfactant to active pseudo linker is in a ratio of active linker
to viscoelastic surfactant is greaterthan 1:1 by percent weight
of active components and can go as high as 10:1, although
diminishing returns are observed at ratio greater than 5:1.

Thus the invention comprises, an acidic composition com-
prising from about 2% by weight to about 15% by weight of
a viscoelastic surfactant; from about 0.1 to about 20% by
weight of a pseudo linker, and from about 0.5 to 15% of a
source of acid.

In another aspect, the presently described technology pro-
vides a process to prepare a viscoelastic cleaning composi-
tion. The process can include the steps of adding to an aque-
ous medium 3% by weight to about 15% by weight of
viscoelastic surfactant and 0.1 to about 20% by weight of an
acidic constituent, or a mixture thereof, and forming a vis-
coelastic mixture under acidic conditions. In further embodi-
ments the method will also include the step of adding an
effective amount of a pseudo linker which can allow the
viscoelastic surfactant to be reduced to as low as 2%.

A novel cleaning method is also within the invention and
involves applying the cleaning mixture to a surface to be
cleaned, and thereafter rinsing said surface to that said clean-
ing composition is removed along with soil and debris.

DESCRIPTION OF THE FIGURES

FIGS. 1A and 1B are graphs depicting G' (elasticity) and
G" (viscosity) for Tests performed to screen various potential
pseudo cross linkers in an acidic formula with the viscoelastic
surfactant DV-8829. The results indicate that Mg2+, SLES,
LAS, EDTA, STPP, and GLDA are all effective as pseudo
crosslinking agents at acidic pH.

FIGS. 2A and 2B are graphs depicting G' (elasticity) and
G" (viscosity) for varying levels of the pseudo-crosslinker
GLDA and varying levels of DV-8829 in acidic formulations.
The results show that GLDA is an effective cross-linker at
various levels of DV-8829.
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FIG. 3 shows G' (elasticity) at various ratios of GLDA to
DV-8829. Various levels of GLDA are effective across vary-
ing levels of DV-8829 however, there is a maximum point of
GLDA for most DV-8829 levels.

DETAILED DESCRIPTION OF THE INVENTION

While the presently described technology will be described
in connection with one or more preferred embodiments, it
will be understood by those skilled in the art that the technol-
ogy is not limited to only those particular embodiments. To
the contrary, the presently described technology includes all
alternatives, modifications, and equivalents as may be
included within the spirit and scope of the appended claims.

“Cleaning” means to perform or aid in soil removal,
bleaching, microbial population reduction, rinsing, or com-
bination thereof.

It should be noted that, as used in this specification and the
appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the content clearly dictates
otherwise. Thus, for example, reference to a composition
containing “a compound” includes a mixture of two or more
compounds. It should also be noted that the term “or” is
generally employed in its sense including “and/or” unless the
content clearly dictates otherwise.

The term “actives” or “percent actives” or “percent by
weight actives” or “actives concentration” are used inter-
changeably herein and refers to the concentration of those
ingredients involved in cleaning expressed as a percentage
minus inert ingredients such as water or salts.

As used herein, “weight percent,” “wt. %,” “percent by
weight,” “% by weight,” and variations thereof refer to the
concentration of a substance as the weight of that substance
divided by the total weight of the composition and multiplied
by 100. It is understood that, as used here, “percent,” “%,” and
the like are intended to be synonymous with “weight percent,”
“wt. %,” etc.

Theterm “about,” as used herein, modifying the quantity of
an ingredient in the compositions of the invention or
employed in the methods of the invention refers to variation in
the numerical quantity that can occur, for example, through
typical measuring and liquid handling procedures used for
making concentrates or use solutions; through inadvertent
error in these procedures; through differences in the manu-
facture, source, or purity of the ingredients employed to make
the compositions or carry out the methods; and the like. The
term about also encompasses amounts that differ due to dif-
ferent equilibrium conditions for a composition resulting
from a particular initial mixture. Whether or not modified by
the term “about,” the claims include equivalents to the quan-
tities. All numeric values are herein assumed to be modified
by the term “about,” whether or not explicitly indicated. The
term “about” generally refers to a range of numbers that one
of skill in the art would consider equivalent to the recited
value (i.e., having the same function or result). In many
instances, the terms “about” may include numbers that are
rounded to the nearest significant figure.

The recitation of numerical ranges by endpoints includes
all numbers subsumed within that range (e.g., 1 to 5 includes
1,1.5,2,2.75,3,3.80, 4, and 5).

Compositions of the Invention

To combat the problems associated with polymeric thick-
ening agents, some surfactants have been used as thickening
agents. When mixed with an aqueous fluid in a concentration
above the critical micelle concentration, the molecules (or
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ions) of these viscoelastic surfactants associate to form
micelles, a structure that minimizes the contact between the
lyophobic portion of a surfactant molecule and the surface,
for example, by aggregating the surfactant molecules into
structures such as spheres, cylinders, or sheets, wherein the
lyophobic portions are on the interior of the aggregate struc-
ture and the lyophilic portions are on the exterior of the
structure.

These micelles function, among other purposes, to stabi-
lize emulsions, break emulsions, stabilize a foam, change the
wettability of a surface, solubilize certain materials, and/or
reduce surface tension. When used as a thickening/gelling
agent, the molecules (or ions) of the surfactants associate to
form micelles of a certain micellar structure (e.g., rodlike,
wormlike, vesicles, etc., which are referred to herein as “vis-
cosifying micelles”) and, under certain conditions (e.g., con-
centration, ionic strength of the fluid, etc.) are capable of,
inter alia, imparting increased viscosity to a particular fluid
and/or forming a gel.

However, the use of surfactants as gelling agents has
proven problematic in several respects. In certain applica-
tions, large quantities of viscoelastic surfactants are required
to impart the desired rheological properties to a fluid. Certain
viscoelastic surfactants are less soluble in certain fluids,
which may impair the ability of those surfactants to form
viscosifying micelles. Viscoelastic surfactant fluids also can
be unstable at high temperatures and/or in high salt concen-
trations due to the tendency of high salt concentrations to
“screen out” electrostatic interactions between viscosifying
micelles. These surfactants to date, have generally been
unsuccessful in imparting desired viscosity in cleaning com-
positions.

Applicants have successfully created several cleaning vis-
coelastic cleaning compositions with the use of these surfac-
tants. The viscoelastic surfactants used in the present inven-
tion may comprise any viscoelastic surfactant known in the
art, any derivative thereof, or any combination thereof. These
viscoelastic surfactants may be cationic, anionic, nonionic or
amphoteric in nature. The viscoelastic surfactants may com-
prise any number of different compounds, including methyl
ester sulfonates (e.g., as described in U.S. patent application
Ser. Nos. 11/058,660, 11/058,475, 11/058,612, and 11/058,
611, filed Feb. 15, 2005, the relevant disclosures of which are
incorporated herein by reference), hydrolyzed keratin (e.g.,
as described in U.S. Pat. No. 6,547,871, the relevant disclo-
sure of which is incorporated herein by reference), sulfosuc-
cinates, taurates, amine oxides, ethoxylated amides, alkoxy-
lated fatty acids, alkoxylated alcohols (e.g., lauryl alcohol
ethoxylate, ethoxylated nonyl phenol), ethoxylated fatty
amines, ethoxylated alkyl amines (e.g., cocoalkylamine
ethoxylate), betaines, modified betaines, alkylamidobetaines
(e.g., cocoamidopropyl betaine), quaternary ammonium
compounds (e.g., trimethyltallowammonium chloride, trim-
ethylcocoammonium chloride), derivatives thereof, and
finally, polyethyleneimine (PEI) and its derivatives, including
ethoxylated PEI and combinations of any of the foregoing.

The term “derivative” is defined herein to include any
compound that is made from one of the listed compounds, for
example, by replacing one atom in the listed compound with
another atom or group of atoms, rearranging two or more
atoms in the listed compound, ionizing the listed compounds,
or creating a salt of the listed compound.

The present invention preferably comprises an aqueous
viscoelastic surfactant based on amphoteric or zwitterionic
surfactants. The amphoteric surfactant is a class of surfactant
that has both a positively charged moiety and a negatively
charged moiety over a certain pH range (e.g. typically slightly
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acidic), only a negatively charged moiety over a certain pH
range (e.g. typically slightly alkaline) and only a positively
charged moiety at a different pH range (e.g. typically moder-
ately acidic), while a zwitterionic surfactant has a perma-
nently positively charged moiety in the molecule regardless
of pH and a negatively charged moiety at alkaline pH.

The cleaning compositions of the invention include water,
a viscoelastic surfactant, and a an acidic constituent, with a
pH in the acidic range, i.e. less than 7. Applicants further have
identified linker type components which may further enhance
the cleaning and viscosity of the compositions.

The component of the fluid which will be present in the
greatest concentration is water, i.e. typically water will be a
major amount by weight of the viscoelastic fluid. Water is
typically present in an amount by weight greater than or equal
to about 50% by weight of the fluid. The water can be from
any source so long as the source contains no contaminants
which are incompatible with the other components of clean-
ing composition (e.g., by causing undesirable precipitation).

Viscoelastic Surfactants Based on Zwitteronic or
Amphoteric Surfactants

Examples of zwitterionic surfactants useful in the present
invention are represented by the formula:

Ry
|
R,— N*—R,COO"

Rz

wherein R, represents a hydrophobic moiety of alkyl, alky-
larylalkyl, alkoxyalkyl, alkylaminoalkyl and alkylami-
doalkyl, wherein alkyl represents a group that contains from
about 12 to about 24 carbon atoms which may be branched or
straight chained and which may be saturated or unsaturated.
Representative long chain alkyl groups include tetradecyl
(myristyl), hexadecyl (cetyl), octadecentyl (oleyl), octadecyl
(stearyl), docosenoic (erucyl) and the derivatives of tallow,
coco, soya and rapeseed oils. The preferred alkyl and alkenyl
groups are alkyl and alkenyl groups having from about 16 to
about 22 carbon atoms. Representative of alkylamidoalkyl is
alkylamidopropyl with alkyl being as described above.

R, and R; are independently an aliphatic chain (i.e. as
opposed to aromatic at the atom bonded to the quaternary
nitrogen, e.g., alkyl, alkenyl, arylalkyl, hydroxyalkyl, car-
boxyalkyl, and hydroxyalkyl-polyoxyalkylene, e.g. hydroxy-
ethyl-polyoxyethylene or hydroxypropyl-polyoxypropylene)
having from 1 to about 30 atoms, preferably from about 1 to
about 20 atoms, more preferably from about 1 to about 10
atoms and most preferably from about 1 to about 6 atoms in
which the aliphatic group can be branched or straight chained,
saturated or unsaturated. Preferred alkyl chains are methyl,
ethyl, preferred arylalkyl is benzyl, and preferred hydroxy-
alkyls are hydroxyethyl or hydroxypropyl, while preferred
carboxyalkyls are acetate and propionate.

R4 is a hydrocarbyl radical (e.g. alkylene) with chain
length 1 to 4. Preferred are methylene or ethylene groups.

Specific examples of zwitterionic surfactants include the
following structures:
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II
CH,CH,OH

R;— Nt —CH,COO",

CH,CH,OH
Im
CH;
R—N*—CH,C00",
CH;
v
CH;
R,CONHCH,CH,CH,— N*—CH,CO0",
CH;
v
CH,CH,OH

R;CONHCH,CH,CH,— N*—CH,COOH,

CH,CH,COO"

wherein R, has been previously defined herein.
Examples of amphoteric surfactants include those repre-
sented by formula VI:

VI
R,

R,—N H'
R4CO0",
wherein R, R,, and R, are the same as defined above.

Other specific examples of amphoteric surfactants include
the following structures:

VI
CH,CH,COO
R—N H
CH,CH,COO™ X',
VII
CH,CH,OH
R,CONHCH,CH,CH,—N*" H
CH,CH,COO",

wherein R, has been previously defined herein, and X" is an
inorganic cation such as Na*, K*, NH,* associated with a
carboxylate group or hydrogen atom in an acidic medium.
Suitable viscoelastic surfactants may comprise mixtures of
several different compounds, including but not limited to:
mixtures of an ammonium salt of an alkyl ether sulfate, a
cocoamidopropyl betaine surfactant, a cocoamidopropyl
dimethylamine oxide surfactant, sodium chloride, and water;
mixtures of an ammonium salt of an alkyl ether sulfate sur-
factant, a cocoamidopropyl hydroxysultaine surfactant, a
cocoamidopropyl dimethylamine oxide surfactant, sodium
chloride, and water; mixtures of an ethoxylated alcohol ether
sulfate surfactant, an alkyl or alkene amidopropyl betaine
surfactant, and an alkyl or alkene dimethylamine oxide sur-
factant; aqueous solutions of an alpha-olefinic sulfonate sur-
factant and a betaine surfactant; and combinations thereof.
Examples of suitable mixtures of an ethoxylated alcohol ether
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sulfate surfactant, an alkyl or alkene amidopropyl betaine
surfactant, and an alkyl or alkene dimethylamine oxide sur-
factant are described in U.S. Pat. No. 6,063,738, the relevant
disclosure of which is incorporated herein by reference.
Examples of suitable aqueous solutions of an alpha-olefinic
sulfonate surfactant and a betaine surfactant are described in
U.S. Pat. No. 5,879,699, the relevant disclosure of which is
incorporated herein by reference. Suitable viscoelastic sur-
factants also may comprise “catanionic” surfactant systems,
which comprise paired oppositely-charged surfactants that
act as counterions to each other and may form wormlike
micelles. Examples of such catanionic surfactant systems
include, but are not limited to sodium oleate (NaO)/octyl
trimethylammonium chloride (C TAC) systems, stearyl tri-
methylammonium chloride (C,;TAC)/caprylic acid sodium
salt (NaCap) systems, and cetyl trimethylammonium tosylate
(CTAT)/sodium dodecylbenzenesulfonate (SDBS) systems.

Examples of commercially-available viscoelastic surfac-
tants suitable for use in the present invention may include, but
are not limited to, Mirataine BET-O 30™ (an oleamidopropyl
betaine surfactant available from Rhodia Inc., Cranbury,
N.J.), DV-8829 a erucicdimethylamidopropylbetaine
C,oHs,N,O,~ Surfactant available from Rhodia Inc., Cran-
bury, N.J., Aromox APA-T (amine oxide surfactant available
from Akzo Nobel Chemicals, Chicago, Il1.), Ethoquad O/12
PG™ (a fatty amine ethoxylate quat surfactant available from
Akzo Nobel Chemicals, Chicago, I11.), Ethomeen T/12™ (a
fatty amine ethoxylate surfactant available from Akzo Nobel
Chemicals, Chicago, Ill.), Ethomeen S/12™ (a fatty amine
ethoxylate surfactant available from Akzo Nobel Chemicals,
Chicago, 111.), and Rewoteric AM TEG™ (a tallow dihy-
droxyethyl betaine amphoteric surfactant available from
Degussa Corp., Parsippany, N.J.).

Typical chemical processes for synthesizing viscoelastic
surfactants are disclosed in U.S. Pat. No. 6,258,858 the dis-
closure of which is herein incorporated by reference.

The viscoelastic surfactant is present in the cleaning com-
positions in an amount sufficient to impart the desired viscos-
ity to the composition. In certain embodiments, the viscoelas-
tic surfactant may be present in an amount in the range of from
about 0.1% to about 20% by weight of the cleaning compo-
sition. In certain embodiments, the viscoelastic surfactant
may be present in an amount in the range of from about 0.5%
to about 15% by weight of the cleaning compositing. In
certain embodiments, the viscoelastic surfactant may be
present in an amount in the range of from about 2% to about
10% by weight of the cleaning composition.

According to the invention, viscoelastic cleaning compo-
sitions are disclosed which do not rely upon polymer thick-
ening agents for their viscoelasticity. The invention employs
the use of viscoelastic surfactants in several cleaning compo-
sition formulations. These provide the dual benefit of thick-
ening as well as an additional cleaning component, improving
performance.

In one embodiment, the cleaning compositions comprise
an acid constituent, the viscoelastic surfactant of erucicdim-
ethylamidopropylbetaine C,oH,N,O;, and a polar carrier
such as water. The inventive compositions are acidic in nature
and exhibit a pH of less than 7, preferably not more than 3.
Most preferably the pH of the acidic compositions is between
0.001-2.5. In one embodiment, applicants have found that
that an acidic cleaning composition comprising from about
3% by weight to about 15% by weight of erucicdimethylami-
dopropylbetaine; from about 0.1 to about 20% by weight of
an acidic constituent, with the remainder being water can
impart viscoelasticity to the composition as well as superior
cleaning. According to the invention, this surfactant can be



US 9,410,112 B2

9

used to replace traditional polymer based surfactants ona 1:1
at the actives level and can impart superior cleaning to the
formulation.

Pseudo Linkers

Pseudo-linkers increase the viscoelasticity of the surfac-
tant system. It is believed that this pseudo cross linking works
through the charge interaction between the pseudo cross
linker and the viscoelastic surfactant. Examples of suitable
pseudolinkers include multiply charged cations, such as
Mg?>*, anionic surfactants such as sodium lauryl ether sulfate
(SLES), Linear Alkyl Sodium Sulfonates (LAS) and neutral-
ized Etidronic acid (dequest 2010) Diethylene triamine pen-
taacetic acid (DTPA) and also polyethylenimine ethoxylate
and cationic surfactants.

Depending on the pH of the formulation, some pseudo
linkers will work better than others. For example, under
acidic conditions, the betaine-type viscoelastic surfactants
will be more protonated than in neutral or alkaline conditions.
Therefore, a pseudo cross linker that will take advantage of
the positive quaternary ammonium group will be preferred. In
alkaline conditions, the opposite is the case, and pseudo link-
ers with stronger cationic properties, such as MgCl,, will be
preferred.

Examples of acceptable pseudo linkers include simple
salts, multiply charged cations or anions, especially those that
are multi-functional, for examples, providing alkalinity, or
chelation.

(D Simple Salts:

One example of a useful pseudo linker includes one or
more simple salts, for example, an alkali metal salt. The
alkali metal salt can also act as an alkalinity source to
enhance cleaning of a substrate, and improve soil
removal performance of the composition. Some
examples of alkali metal salts include alkali metal car-
bonates, silicates, phosphonates, sulfates, borates, or the
like, and mixtures thereof. Alkali metal carbonates are
more preferred, and some examples of preferred carbon-
ate salts include alkali metal carbonates such as sodium
or potassium carbonate, bicarbonate, sesquicarbonate,
mixtures thereof, and the like; preferably sodium car-
bonate, potassium carbonate, or mixtures thereof. Par-
ticularly preferred salts are those with divalent cations.
Preferred salts for use as pseudo linkers include but are
not limited to MgSO,,, Mg acetate, Al sulfate, EDTA
(Versene 100), DTPA (Hamp-ex 80), STPP, neutralized
ATMP (neutralized Dequest 2000), neutralized HEDP
(neutralized Dequest 2010), neutralized Bayhibit AM,
etc.

(II) Anionic Surfactants

Anionic organic surfactants useful as pseudo linkers
include linear alkyl benzene sulfonates containing from
about 10 to about 18 carbon atoms in the alkyl group;
branched alkyl benzene sulfonates containing from
about 10 to about 18 carbon atoms in the alkyl group; the
tallow range alkyl sulfates; the coconut range alkyl glyc-
eryl sulfonates; alkyl ether (ethoxylated) sulfates
wherein the alkyl moiety contains from about 12 to 18
carbon atoms and wherein the average degree of ethoxy-
lation varies between 1 and 12, especially 3 to 9; the
sulfated condensation products of tallow alcohol with
from about 3 to 12, especially 6 to 9, moles of ethylene
oxide; and olefin sulfonates containing from about 14 to
16 carbon atoms.

Specific preferred anionics for use herein include: the lin-
ear C,,-C,, alkyl benzene sulfonates (LAS); the
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10
branched C,,-C,, alkyl benzene sulfonates (ABS); the
tallow alkyl sulfates, the coconut alkyl glyceryl ether
sulfonates; the sulfated condensation products of mixed
C,,-C, g tallow alcohols with from about 1 to about 14
moles of ethylene oxide; and the mixtures of higher fatty
acids containing from 10 to 18 carbon atoms. Particu-
larly preferred are NalLAS, NalLES (lipid extract surfac-
tant, Dowfax Hydrotrope (diphenyloxide disulfonic
acid-based surfactant), SXS (Sodium xylene sulfonate)
PEI ethoxylate and the like.
(IIT) Cationic Surfactants

Cationic surfactants useful for inclusion in a cleaning com-
position as pseudo linkers include amines such as pri-
mary, secondary and tertiary monoamines with C, ; alkyl
or alkenyl chains, ethoxylated alkylamines, alkoxylates
of ethylenediamine, imidazoles such as a 1-(2-hydroxy-
ethyl)-2-imidazoline, a 2-alkyl-1-(2-hydroxyethyl)-2-
imi-dazoline, and the like; and quaternary ammonium
salts, as for example, alkylquatemary ammonium chlo-
ride surfactants such as n-alkyl(C,,-C, s)dimethylben-
zyl ammonium chloride, n-tetradecyl dimethylbenzy-
lammonium chloride monohydrate, a naphthylene-
substituted quaternary ammonium chloride such as
dimethyl-1-naphthylmethylammonium chloride, and
the like; and other like cationic surfactants. Particularly
preferred is trimethyl alkyl quaternary ammonium chlo-
ride.

The pseudo linker is provided in an amount sufficient to
impart viscoelasticity to the composition in the presence
of the viscoelastic surfactant. As can be seen this is
typically a ratio greater than 1:1 of active percent by
weight of pseudolinker to active surfactant percent by
weight. The components can range from about 2% by
weight to about 15% by weight of linker; and from about
0.1 to about 20% by weight of a viscoelastic surfactant.

Acid Constituent

The acid constituent may be one or more water soluble
inorganic acids, mineral acids, or water soluble organic acids,
with virtually all such known materials contemplated as being
useful in the present inventive compositions. Exemplary inor-
ganic acids for use in the present invention include phospho-
ric acid, potassium dihydrogenphosphate, sodium dihydro-
genphosphate, sodium sulfite, potassium sulfite, sodium
pyrosulfite (sodium metabisulfite), potassium pyrosulfite
(potassium metabisulfite), acid sodium hexametaphosphate,
acid potassium hexametaphosphate, acid sodium pyrophos-
phate, acid potassium pyrophosphate and sulfamic acid.
Alkyl sulfonic acids, e.g., methane sulfonic acid may also be
used as a component of the acid system. Strong inorganic
acids such as hydrochloric acid, nitric acid and sulfuric acid
may also be used, however are less preferred due to their
strong acid character; if present are present in only minor
amounts in the acid system. The use of water soluble acids are
preferred, including water soluble salts of organic acids.
Exemplary organic acids are those which generally include at
least one carbon atom, and include at least one carboxyl group
(—COOH) in its structure. Exemplary useful water soluble
organic acids which contain from 1 to about 6 carbon atoms,
and at least one carboxyl group as noted. Exemplary useful
organic acids include: Exemplary organic acids which may be
used include linear aliphatic acids such as acetic acid, citric
acid, propionic acid, butyric acid and valeric acid; dicarboxy-
lic acids such as oxalic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, pimelic acid, fumaric acid and
maleic acid; acidic amino acids such as glutamic acid and
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aspartic acid; and hydroxy acids such as glycolic acid, lactic
acid, hydroxyacrylic acid, .alpha.-hydroxybutyric acid, glyc-
eric acid, tartronic acid, malic acid, tartaric acid and citric
acid, as well as acid salts of these organic acids.

The acid constituent may be present in any effective
amount, but desirably is not present in amounts of more than
about 20% wt. based on the total weight of the compositions.
It is to be understood that the nature of the acid or acids
selected to form the acid constituent will influence the
amount of acid required to obtain a desired final pH or pH
range, and the precise amount of acid required for a specific
composition can be readily obtained by a skilled artisan uti-
lizing conventional techniques. Further, the amount of acid
present in the composition, keeping in mind any optional
ingredients that may be present, should be in an amount such
that the pH of the composition is about 5 or less, and espe-
cially within the preferred pH ranges indicated previously.
Generally however, the inclusion of the acid constituent in an
amount of from about 0.1 to 20% wt., more preferably from
about 3 to 15% wt. Particularly preferred acids for use in the
acid constituent and particularly preferred amounts thereof
are described with reference to one or more of the Examples.

As can be seen from the examples herein, particularly in
alkaline conditions, a fairly large amount of the viscoelastic
surfactant is required to achieve high levels of viscoelasticity.
Additionally, in alkaline conditions, there is an adverse affect
from the addition of caustic that needs to be overcome.
Additives

Cleaning compositions made according to the invention
may further include additional functional materials or addi-
tives that provide a beneficial property, e.g., for a particular
use. Examples of conventional additives include one or more
of'each of' salt or additional salt, chelating/sequestering agent,
alkalinity source, surfactant, detersive polymer, cleaning
agent, rinse aid composition, softener, pH modifier, source of
acidity, anti-corrosion agent, secondary hardening agent,
solubility modifier, detergent builder, detergent (filler,
defoamer, anti-redeposition agent, antimicrobial, rinse aid
compositions, a threshold agent or system, aesthetic enhanc-
ing agent (i.e., dye, odorant, perfume), optical brighteners,
lubricant compositions, bleaching agent or additional bleach-
ing agent, enzyme, effervescent agent, activator for the active
oxygen compound, other such additives or functional ingre-
dients, and the like, and mixtures thereof. Adjuvants and other
additive ingredients will vary according to the type of com-
position being manufactured, and the intended end use of the
composition.

Polar Carrier

The cleaning compositions of the invention may include a
polar carrier media, such as water, alcohols, for example low
molecular weight primary or secondary alcohols exemplified
by methanol, ethanol, propanol, isopropanol, and the like, or
other polar solvents, or mixtures and combinations thereof.

Polar carrier may be present in the composition in the range
of about 10 to about 90%, in the range of about 20 to about
80%, or in the range of about 25 to 75% by weight based on
the total weight of the composition.

Additional Materials

The compositions may also include additional materials,
such as additional functional materials, for example enzymes,
enzyme stabilizing system, additional surfactant, chelating
agents, sequestering agents, bleaching agents, additional
thickening agent, solubility modifier, detergent filler,
defoamer, anti-redeposition agent, a threshold agent or sys-
tem, aesthetic enhancing agent (i.e. dye, perfume, etc.) and
the like, or combinations or mixtures thereof. Adjuvants and
other additive ingredients will vary according to the type of
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composition being manufactured and can be included in the
compositions in any amount. The following is a brief discus-
sion of some examples of such additional materials.
Enzymes

The composition of the invention may include one or more
enzymes, which can provide desirable activity for removal of
protein-based, carbohydrate-based, or triglyceride-based
stains from substrates; for cleaning, destaining, and sanitizing
presoaks, such as presoaks for flatware, cups and bowls, and
pots and pans; presoaks for medical and dental instruments;
or presoaks for meat cutting equipment; for machine ware-
washing; for laundry and textile cleaning and destaining; for
carpet cleaning and destaining; for cleaning-in-place and
destaining-in-place; for cleaning and destaining food pro-
cessing surfaces and equipment; for drain cleaning; presoaks
for cleaning; and the like. Enzymes may act by degrading or
altering one or more types of soil residues encountered on a
surface or textile thus removing the soil or making the soil
more removable by a surfactant or other component of the
cleaning composition. Both degradation and alteration of soil
residues can improve detergency by reducing the physico-
chemical forces which bind the soil to the surface or textile
being cleaned, i.e. the soil becomes more water soluble. For
example, one or more proteases can cleave complex, macro-
molecular protein structures present in soil residues into sim-
pler short chain molecules which are, of themselves, more
readily desorbed from surfaces, solubilized or otherwise
more easily removed by detersive solutions containing said
proteases.

Suitable enzymes may include a protease, an amylase, a
lipase, a gluconase, a cellulase, a peroxidase, or a mixture
thereof of any suitable origin, such as vegetable, animal,
bacterial, fungal or yeast origin. Selections are influenced by
factors such as pH-activity and/or stability optima, thermo-
stability, and stability to active detergents, builders and the
like. In this respect bacterial or fungal enzymes may be pre-
ferred, such as bacterial amylases and proteases, and fungal
cellulases. Preferably the enzyme may be a protease, a lipase,
an amylase, or a combination thereof. Enzyme may be
present in the composition from at least 0.01 wt %, or 0.01 to
2 wt %.

Enzyme Stabilizing System

The composition of the invention may include an enzyme
stabilizing system. The enzyme stabilizing system can
include a boric acid salt, such as an alkali metal borate or
amine (e. g. an alkanolamine) borate, or an alkali metal
borate, or potassium borate. The enzyme stabilizing system
can also include other ingredients to stabilize certain enzymes
or to enhance or maintain the effect of the boric acid salt.

For example, the cleaning composition of the invention can
include a water soluble source of calcium and/or magnesium
ions. Calcium ions are generally more effective than magne-
sium ions and are preferred herein if only one type of cation
is being used. Cleaning and/or stabilized enzyme cleaning
compositions, especially liquids, may include 1 to 30, 2 to 20,
or 8 to 12 millimoles of calcium ion per liter of finished
composition, though variation is possible depending on fac-
tors including the multiplicity, type and levels of enzymes
incorporated. Water-soluble calcium or magnesium salts may
be employed, including for example calcium chloride, cal-
cium hydroxide, calcium formate, calcium malate, calcium
maleate, calcium hydroxide and calcium acetate; more gen-
erally, calcium sulfate or magnesium salts corresponding to
the listed calcium salts may be used. Further increased levels
of calcium and/or magnesium may of course be useful, for
example for promoting the grease-cutting action of certain
types of surfactant.
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Stabilizing systems of certain cleaning compositions, for
example warewashing stabilized enzyme cleaning composi-
tions, may further include 0 to 10%, or 0.01% to 6% by
weight, of chlorine bleach scavengers, added to prevent chlo-
rine bleach species present in many water supplies from
attacking and inactivating the enzymes, especially under
alkaline conditions. While chlorine levels in water may be
small, typically in the range from about 0.5 ppm to about 1.75
ppm, the available chlorine in the total volume of water that
comes in contact with the enzyme, for example during ware-
washing, can be relatively large; accordingly, enzyme stabil-
ity to chlorine in-use can be problematic.

Suitable chlorine scavenger anions are known and readily
available, and, if used, can be salts containing ammonium
cations with sulfite, bisulfite, thiosulfite, thiosulfate, iodide,
etc. Antioxidants such as carbamate, ascorbate, etc., organic
amines such as ethylenediaminetetracetic acid (EDTA) or
alkali metal salt thereof, monoethanolamine (MEA), and
mixtures thereof can likewise be used.

Additional Surfactants

Additional surfactants may be present in some composi-
tions embodying the invention. The surfactant or surfactant
admixture can be selected from nonionic, semi-polar non-
ionic, anionic, cationic, amphoteric, or zwitterionic surface-
active agents; or any combination thereof. In at least some
embodiments, the surfactants are water soluble or water dis-
persible. The particular surfactant or surfactant mixture cho-
sen for use in the process and products of this invention can
depend on the conditions of final utility, including method of
manufacture, physical product form, use pH, use tempera-
ture, foam control, and soil type. For a discussion of surfac-
tants, see Kirk-Othmer, Encyclopedia of Chemical Technol-
ogy, Third Edition, volume 8, pages 900-912. The
composition may include a surfactant in an amount effective
to provide a desired level of cleaning, such as 0-20 wt %, or
1.5-15 wt %.

Anionic surfactants may include, for example, carboxy-
lates such as alkylcarboxylates (carboxylic acid salts) and
polyalkoxycarboxylates, alcohol ethoxylate carboxylates,
nonylphenol ethoxylate carboxylates, and the like; sulfonates
such as alkylsulfonates, alkylbenzenesulfonates, alkylaryl-
sulfonates, sulfonated fatty acid esters, and the like; sulfates
such as sulfated alcohols, sulfated alcohol ethoxylates, sul-
fated alkylphenols, alkylsulfates, sulfosuccinates, alkylether
sulfates, and the like; and phosphate esters such as alkylphos-
phate esters, and the like.

Nonionic surfactants may include those having a polyalky-
lene oxide polymer as a portion of the surfactant molecule.
Such nonionic surfactants include, for example, chlorine-,
benzyl-, methyl-, ethyl-, propyl-, butyl- and other like alkyl-
capped polyethylene glycol ethers of fatty alcohols; poly-
alkylene oxide free nonionics such as alkyl polyglycosides;
sorbitan and sucrose esters and their ethoxylates; alkoxylated
ethylene diamine; alcohol alkoxylates such as alcohol
ethoxylate propoxylates, alcohol propoxylates, alcohol pro-
poxylate ethoxylate propoxylates, alcohol ethoxylate butoxy-
lates, and the like; nonylphenol ethoxylate, polyoxyethylene
glycol ethers and the like; carboxylic acid esters such as
glycerol esters, polyoxyethylene esters, ethoxylated and gly-
col esters of fatty acids, and the like; carboxylic amides such
as diethanolamine condensates, monoalkanolamine conden-
sates, polyoxyethylene fatty acid amides, and the like; and
polyalkylene oxide block copolymers including an ethylene
oxide/propylene oxide block copolymer such as those com-
mercially available under the trademark PLURONIC™
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(BASF-Wyandotte), and the like; and other like nonionic
compounds. Silicone surfactants such as the ABIL™ B8852
can also be used.

Cationic surfactants useful for inclusion in a cleaning com-
position for sanitizing or fabric softening, include amines
such as primary, secondary and tertiary monoamines with C, ¢
alkyl or alkenyl chains, ethoxylated alkylamines, alkoxylates
of ethylenediamine, imidazoles such as a 1-(2-hydroxy-
ethyl)-2-imidazoline, a 2-alkyl-1-(2-hydroxyethyl)-2-imi-
dazoline, and the like; and quaternary ammonium salts, as for
example, alkylquatemary ammonium chloride surfactants
such as n-alkyl(C,,-C,g)dimethylbenzyl ammonium chlo-
ride, n-tetradecyl dimethylbenzylammonium chloride mono-
hydrate, a naphthylene-substituted quaternary ammonium
chloride such as dimethyl-1-naphthylmethylammonium
chloride, and the like; and other like cationic surfactants.
Chelating/Sequestering Agent

The composition may include a chelating/sequestering
agent such as an aminocarboxylic acid, a condensed phos-
phate, a phosphonate, a polyacrylate, and the like. In general,
a chelating agent is a molecule capable of coordinating (i.e.,
binding) the metal ions commonly found in natural water to
prevent the metal ions from interfering with the action of the
other detersive ingredients of a cleaning composition. The
chelating/sequestering agent may also fu